The properties of cefazolin, cefoxitin, cefamandole, and cefuroxime have been compared with those of cephaloridine, cephalothin, and cephalexin. The properties included for examination are the susceptibility to a range of (3-lactamases commonly encountered in gram-negative species and the ability of a ,8-lactam antibiotic to penetrate the outer layers of Escherichia coli. Of the antibiotics tested, cefamandole was the most active in its antibiotic activity but had the disadvantage that it was sensitive to hydrolysis by type IVc /3-lactamase. Cefoxitin and cefuroxime were slightly less active than cefamandole but were effectively resistant to all the ,3-lactamases used in the test.
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The activity of a penicillin or cephalosporin against gram-negative bacteria seems to depend on three main properties: first, the ability of the antibiotic to inhibit peptidoglycan synthesis in the bacterial inner membrane (12, 20) ; second, its ability to penetrate through the outer layers of the bacterial envelope to reach its target (1, 7, 15) ; and third, its ability to survive in the presence of any ,B-lactamase it may meet on the way to its target (1, 7, 15) .
A previous paper has already described the use of some mutant strains of Escherichia coli K-12 both to assess the ability of a given penicillin or cephalosporin to penetrate to the inner membrane of gram-negative bacteria and to give some idea of the ability of the antibiotic to inhibit peptidoglycan synthesis (14) . These mutant strains (DC2 and DC3) have now been used, in conjunction with the parental E. coli strain (UB1005), to assess the properties of cefazolin (10) , cefoxitin (9, 11, 22) , cefamandole (23) (8, 16) . This paper compares the properties of the seven cephalosporins examined here against these four types of (8-lactamase.
An overall assessment ofthe compounds from these three points of view shows that cefoxitin and cefuroxime are certainly the most resistant to 8-lactamase hydrolysis, whereas cefuroxime and cefamandole show the highest activity against peptidoglycan biosynthesis in the mutant DC2.
MATERIALS AND METHODS
Strains. The studies on penetration have been carried out with E. coli UB1005 (a nalidixic acidresistant mutant of E. coli W1655) and with two susceptible mutants of this strain, DC2 and DC3 (14) . The origin and characteristics of this parental strain and its mutant derivatives have been described previously (5 (RrEM) by the methods described previously (13, 17 Type Ia enzyme is known to be relatively active against cephaloridine, cephalothin, and cephalexin (16) , and activity against cefazolin was also detected in this study. On the other hand, cefoxitin, cefuroxime, and cefamandole were all substantially resistant to hydrolysis by this enzyme. Of these three compounds, cefamandole showed slight susceptibility, but even in this case a given amount of the antibiotic remained unhydrolyzed for more than 1,000 times as long as an equivalent amount of cephaloridine. The enzyme from P. aeruginosa (type Id) is also known to be active against cephalosporins (16) , and, as with the type Ia enzyme, cephaloridine, cephalothin, cephalexin, and cefazolin were hydrolyzed at appreciable rates (Table  1) . Cefoxitin, cefuroxime, and cefamandole, on the other hand, were very resistant to hydrolysis. Overall, therefore, the two type I enzymes (Ia and Id) have very similar properties towards the seven cephalosporins tested here.
Type IIIa enzyme has a broad spectrum of activity, including both penicillins and cephalosporins (16) . Among the cephalosporins the enzyme shows its greatest activity against cephaloridine, but cephalothin and cefazolin are also hydrolyzed to a significant extent. Unlike type Ia and Id enzymes, however, cefamandole is also hydrolyzed, and with this enzyme it is only cefoxitin, cefuroxime, and, to a lesser extent, cephalexin that are resistant to hydrolysis (Table 1) .
Type IVc enzyme is already known to have a broad spectrum of activity against both penicillins and cephalosporins, including cloxacillin (8, 11) . Its spectrum of activity against the seven compounds tested here is broadly very similar to that of type HIa enzyme, save that some hydrolysis of cefuroxime is detectable with this enzyme even though the rate is still only about 1% of that found with cephaloridine (Table 1 ). In summary, therefore, only cefoxitin and cefuroxime show substantial resistance to all the 8-lactamases examined here, and even cefuroxime is hydrolyzed, albeit very slowly, by type IVc enzyme.
Studies with E. coli UJB1005 and the mutants DC2 and DC3. A previous paper (14) has described the use of these three E. coli strains indirectly to assess the ability of (3-lactam antibiotics to penetrate to their target in the inner membrane of gram-negative bacteria. Antibiotics that show the same MIC value against E. coli UB1005 and its two mutant derivatives appear not to be hindered in their penetration through the outer layers of the E. coli envelope, whereas compounds that show different MIC values against the three strains seem to be so hindered. Moreover, the activity of the antibiotics against the most susceptible of the mutants (DC2) gives an indirect measure of the potential effectiveness of that antibiotic as an inhibitor of peptidoglycan biosynthesis in E. coli. Figure 1 summarizes the effect of the seven cephalosporin derivatives studied here. In this figure the activity of the antibiotic (measured as MIC) is plotted against the "crypticity" values of the three strains when determined with benzylpenicillin, an indirect measure of the extent to which 3-lactam penetration is altered in these strains (14, 15) . Cephaloridine, cephalothin, and cephalexin are known to be equally effective against these threeE. coli isolates (14) and therefore seem to pass unhindered to their target in the inner membrane (14) . Cefazolin also falls into this category, since its activity against the mutant DC2 is the same as that against the parental strain (Fig. 1) . Cefoxitin, cefuroxime, and cefamandole, on the other hand, are all affected to a greater or lesser extent by the mutational changes in DC2 and DC3. Cefoxitin shows the smallest difference, whereas cefuroxime and cefamandole are both affected substantially and to the same extent. Indeed, both these compounds are about 50 times more active against DC2 than against UB1005.
Since the mutant DC2 has a very low crypticity to all penicillins and cephalosporins whose activity in this respect can be tested (14) , it can be argued that the susceptibility of this mutant to /3-lactam antibiotics may reflect the inherent activity of these compounds against the peptidoglycan-synthesizing system in E. coli. If this acting on E. coli UB1005 and the mutants DC2 and DC3. The Tcrypticity values" used in this figure were determined using benzylpenicillin and strains UB1005(RP1), DC2(RPI), and DC3(RP1) as described previously (14) .
is the case, then cefuroxime and cefamandole would seem inherently to be by far the most active among these seven cephalosporins tested here, with cefamandole showing an MIC against DC2 of about 0.01 gg/ml (Fig. 1) .
DISCUSSION
Penicillinases and cephalosporinases play an important part in the resistance to (l-lactam antibiotics of the increasing number of resistant isolates of gram-negative bacteria now being made in hospital clinics (4) . Although cephaloridine, cephalothin, cephalexin, and cefazolin all seem to penetrate the outer layers of E. coli well, and therefore express their inherent activity against peptidoglycan synthesis to the full, these compounds are all hydrolyzed rapidly by all types of enzymes. Cei;amandole is hydrolyzed at a substantial rate by both type IlIa and type IVc enzyme, but cefoxitin and cefuroxime show almost total resistance to all the enzymes (11; O'Callaghan et al., in press). Indeed, cefoxitin is so stable that it is difficult to detect any hydrolysis that is unequivocally due to 8-lactamase action. These observations certainly confirm those published elsewhere (11) . Although the problem of B-lactamase hydrolysis may well have been solved with cefoxitin and cefuroxime, neither molecule is yet perfect either as an inhibitor of peptidoglycan synthesis in gram-negative bacteria or in its ability to penetrate the surface layers of these bacteria. Among all the compounds studied here, /3-lactamase resistance only seems to have been achieved at the expense of the free penetration characteristic of cephaloridine, cephalexin, cephalothin, and cefazolin. Thus, both cefoxitin and cefuroxime are a good deal more active against the mutant DC2 than against the wild type from which it was derived. If one has to decide which of the seven compounds examined here has the optimal properties with respect to all the parameters of activity that have been measured in this study, then cefoxitin and cefuroxime seem to have first place, with the slight edge perhaps going to cefuroxime because of its greater in vitro activity is an antibiotic against E. coli K-12. Cefamandole is the most active of the compounds, and this is even more clearly the case with DC2, but has the defect of susceptibility to one of the ,B-lactamases (type IVc). However, it must be stressed that the parameters studied here are only a few of the many that are involved in determining the clinical effectiveness of a -lactam antibiotic.
